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(57) Abstract: This invention pro\ddes a method for fabricating geometrical diamond/matrix composites where all or a part of 
O surfaces of the matrix are covered with a diamond film, and to fabricate hollow diamond shells using the composites where a part is 

uncoated with a diamond film. Hollow diamond shells were prepared by etching out of the matrix soluble with chemicals through an 
^ opening, a zone on the matrix, uncoated with diamond film. By changing the shape and the size of the geometrical matrixes, various 

kinds of diamond/matrix composites and diamond shells in shape and in size can be fabricated. The sizes available are between 200 
1^ nm and 2 mm. 



wo 2006/043780 



1 



PCT/KR2005/003486 



Description 

DIAMOND SHELL WITH A GEOMETRICAL FIGURE AND 
METHOD FOR FABRICATION THEREOF 

Technical Field 

[1] The present invention relates to a diamond fihn synthesizing technology by 

chemical vapor deposition (CVD). 

Background Art 

[2] Diamond can be synthesized by high pressure and high temperature (HPHT), 

detonation and chemical vapor deposition (CVD) methods. 

[3] The HPHT method of which condition is 1500 °C of temperature and 50,000 

atmosphere of pressure enables us to synthesize grit-type diamonds where sizes are 
below hundreds |xm in diameter or irregular shaped diamond powders in the 
micrometer range in size. Nanometer scale diamond powders can be synthesized by the 
detonation method of which condition is 1000 ""C of temperature and 300,000 
atmosphere of pressure. A typical shape of diamond synthesized under HPHT methods 
including the detonation method is a powder (or particle) type. 

[4] On the other hand, CVD method of which condition is around 700 °C of 

temperature and around 40-200. Torr of pressure deposits diamond onto substrates (or 
matrix), normally silicon wafers. CVD diamond also can be coated on curved substrate 
such as drills and inserts. During deposition, the substrates are placed on a plate or held 
in a stage. Freestanding diamond films can be prepared if the substrate is removed by 
etching. 

[5] However, CVD method cannot deposit diamond films on whole surfaces of 

substrates because a part of a substrate is in contact with a plate or a stage where 
diamond deposition is not available. Also, hollow diamond shells have never been 
prepared with previous arts yet. 

Disclosure of Invention 

Technical Problem 

[6] Therefore, an object of the present invention is to provide a geometrical diamond/ 

matrix composite where surfaces of the matrixes can be covered fully or partially with 
diamond films (also recited as "fully covered composite" and a "partially covered 
composite", respectively) 

[7] Another object of the present invention is to provide a hollow diamond shell by 

etching the matrix out from the partially covered composites on which a part of the 
surface is uncoated with diamond films. 

[8] Still another object of the present invention is to provide a diamond/matrix 
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composite and a hollow diamond shell in the range between 200 nm and 2 nmi in size. 

Technical Solution 

To achieve these and other advantages and in accordance with the purpose of the 
present invention, as embodied and broadly described herein, there is provided a 
method for fabricating a diamond with geometrical shape, comprising: preparing a 
matrix with a geographical figure, making a diamond/matrix composite by syn- 
thesizing a diamond film on the surface of the matrix by CVD method. By vibrating 
the matrix, the surface of the matrix can be covered fiilly with diamond films. A 
diamond/matrix composite with being partially uncovered with a diamond can be a 
diamond shell through etching the matrix out of the composite. 

The foregoing and other objects, features, aspects and advantages of the present 
invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drawings. 

Description of Drawings 

The accompanying drawings, which are included to provide a further understanding 
of the invention and are incorporated in and constitute a part of this specification, 
illustrate embodiments of the invention and together with the description serve to 
explain the principles of the invention. 

In the drawings: 

Figure. 1 shows a schematic view of the process making diamond/matrix 
composite and diamond shell. 

Figure 2 shows a schematic view of diamond deposition by CVD method. 

Figure 3 shows a schematic view of making diamond shells with shapes of a 
pyramid and a box, by using template matrixes with the shapes of a pyramid and a 
cubic, respectively. 

Mode for Invention 

In accordance with the present invention, the matrix has variable shape such as a 
sphere, a polyhedron or an irregular shape. The matrix must be appropriate for syn- 
thesizing a diamond thereon, and should be preferably dissolved to a chemical etching 
solution. 

An apparatus to be used for synthesizing a diamond film is such as a hot filament 
CVD apparatus, a microwave CVD apparatus, or a DC plasma apparatus. Similar syn- 
thesizing conditions to the conventional methods can be applied. The growth rate of a 
diamond film is in the range of 1 20 \im/h depending an apparatus used. The 
thickness of a diamond film to be formed can be controlled by varying the synthesizing 
conditions and synthesizing time. 

"Fully covered composite" is completely fabricated by only depositing a diamond 
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film on a matrix with a geographical figure. On the contrary, "partially covered 
composite" includes etching step for removing the matrix from the composite. 

[19] For the fully covered composite, all the surface of the matrix must contact with a 

gas phase of source material. Vibration can be adapted to a plate (in a CVD apparatus) 
on which a matrix is placed to let the matrix move or rotate during deposition so that 
all surfaces can be exposed to plasma (gas phase). 

[20] In case of the partially covered composite, at least one opening site (at which a 

diamond film does not cover) must be provided on the matrix during the synthesis of 
the diamond film. The opening (or opening site) allows etching material to enter to 
remove the matrix. It can be made naturally during deposition because the bottom zone 
of the matrix in contact with the plate will be free from diamond films. 

[21] The opening also can be controlled during pre-treatment of the matrix for inciting 

nucleation of diamond particles. Practically, to deposit diamond film effectively, the 
silica was pre-treated by using diarnond powders agents dispersed in methanol in an 
ultrasonic bath. In this pretreatment, the surface of the silica ("matrix") has defects, 
which promotes nucleation of diamond. If we block a zone on the surface of the matrix 
from agents the zone should be free from diamond films. With an etching the matrix 
out by chemicals finally hollow diamond shells can be fabricated. Alternatively, the 
opening(s) on the template matrix particles can be obtained by attaching them onto 
glue tapes during the prefreatment so that the attached part of the matrix particles is not 
in contact with the diamond powders agents to avoid formation of diamond nuclei. 

[22] In the process for fabricating the diamond shells, the etching rate can be increased 

by boiling the etching solution or adapting vibration onto the composites. 

[23] Reference will now be made in detail to the preferred embodiments of the present 

invention, examples of which are illustrated in the accompanying drawings. 

[24] As shown in Figure 1, spherical matrixes (silica, Si02) 1 are prepared. Diamond 

films 2 are coated on their surfaces with a conventional CVD diamond deposition 
apparatus, and diamond/silica composites are prepared. For a diamond shell there 
needs an opening 3 on the surface of the matrix 1. Silica is etched out of diamond/ 
silica composites, thereby a diamond shell 4 with a hollow inner space 5 being 
obtained. 

[25] Figure 2 shows a schematic view of diamond deposition by CVD method. Plasma 7 

is generated in a vacuum chamber 6 to activate a source gas (i.e., H2 + methane). Silica 
1, as a matrix, is placed on a plate 8. Main conditions for depositing a diamond are 
controlled as follows: 1 - 20% CH4 in the source gas, 10 - 200 Ton* of vacuum 
pressure, 600 - 1000 Celsius degree of deposion temperature. The diamond is 
synthesized by the four steps of nucleation, growth of nuclei, film formation, and 
growth of film. The size of diamond particles and films can be controlled by varying 
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the deposition time. If vibration is not applied, a contact part of the matrix 1 with the 
plate 8 is not deposited with a diamond and functions as an opening for etching the 
matrix. 

[26] During the deposition, the micro structure of the synthesized diamond can be varied 
as (100) crystal structure, mixed (100) and (1 1 1) structure, or nanodiamond structure 
according to the variation of source gas composition. 

[27] We can also get a lot of diamond particles 9 in the range of tens nm - tens |im in 
size if we stop diamond deposition at the initial stage where independent diamond 
particles are formed on the template matrix, that is, before film formation (see Figure 
2), and etch the matrix which is a geometrical particle. 

[28] As shown in Figure 3, if the shape of the matrix is changed into a tetrahedral shape 

10 or a hexahedral shape 1 1, we can get various kinds of diamond/ matrix composite 
and hollow diamond shells, such as a pyramid shape 12, or a box shape 13. 

[29] Example 1 

[30] Diamond film was deposited on silica spheres in the range between 50 and 100 |xm 

in diameter with a 0.5 kW microwave plasma enhanced CVD apparatus under 40 Torr 
of pressure, 650 ''C of temperature and 200 seem of flow rate for 10 hours. Biasing was 
adopted to enhance nucleation density during diamond growth. Prior to the deposition 
the silica spheres were pretieated in an ultrasonic bath for 1 hour by using the diamond 
powders agents. 

[31] In SEM observation, some silica spheres revealed diamond films covered partially. 

Others revealed diamond islands. Morphology was (100) dominant, (100) and (111) 

mixed and nano-structured with particles. 
[32] Example 2 

[33] Silica particles in the range between 50 |xm and 100 [xm in diameter were coated 

with a multi-cathode direct current PECVD under 15 kW of power, 10 % of methane 
composition in hydrogen and 100 Torr of pressure for Ihour and a half. The 
temperature, that measured by a pyrometer but is not real one because of misleading by 
emission from hot cathodes kept over 2000 °C, was expected to be around 700 ""C. A 
part of each particle was coated with diamond films, while its other part was uncoated 
and this part is considered to be in contact with the plate. XRD analysis of the 
composites showed clear diamond peaks, (111), (220) and (311). Surface morphology 
revealed (100) and (111) facets mixed meaning <1 10> textured films. 

[34] When silica with more than 2 mm in diameter was used, a uniform deposition of 

diamond was difficult due to concentration of plasma on the upper surface of the silica 
caused by temperature differences between the upper and under part thereof. On the 
contrary. When silica with less than 2 nm in diameter was used, independently formed 
silica particles cannot be obtained due to agglomeration thereof. 
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[35] Example 3 

[36] A diamond deposition was performed at 1 1 % of metliane concentration under the 

same condition of example 2. A part of each particle was coated with diamond films, 
while its other part was bare. Surface revealed square (100) facets prevailing 
morphology. 

[37] Example 4 

[38] A diamond deposition was performed at 12% of methane concentration under the 

same condition of example 2. Deposition behaviors were similar to those of example 2. 
However, surface revealed nano-crystalline morphology. Some particles showed 
cauliflower morphology with enormous numbers of (100) facets partially. 

[39] Example 5 

[40] A diamond deposition was performed on silica particles under the same condition 

of example 2. Vibrations were adapted onto the plate during deposition on which 
samples were placed. All surfaces of the particle were covered with diamond films 
revealing (100) and (111) facets mixed. 

[41] Example 6 

[42] To make hollow diamond shells the diamond/silica composites with the opening 

prepared in example 2, 3 and 4 were treated in 10% HF solution at room temperature 
for 30 minutes and then in boiling Murakami's solution(3g NaOH, 30g K- 
hexacyanoferrate(ni), 60 ml H20) for 10 minutes. Hollow diamond shells were suc- 
cessfully obtained by etching the silica out with this treatment. The film thickness of 
the diamond shells was about 10 (xm. 

[43] Example 7 

[44] A diamond deposition was performed for 30 minutes under the same condition with 

example 2. Diamond particles, which have grown from diamond nuclei formed on the 
matrix, were observed. Some particles were independent while other particles were 
dependent each other similar to short range diamond films. Their size was between 
tens nm and tens [xm, and surface morphology revealed (100) and (111) facets mixed 
meaning <1 10> textured fihns. The samples, diamond particles/matrix, were put into 
the chemicals and etched with the same methods described in the Example 6. These 
etchings leaved CVD diamond particles in the range from tens nm and tens ^m in size. 

[45] The present invention can prepare micro geometrical diamond/matrix composites 
where surfaces of the matrix can be partially covered with diamond films and hollow 
diamond shells from the composites by using CVD process, diamond deposition on the 
matrix and etching the matrix out. These materials can be used as biochip materials, 
electrode materials of field emission display (FED) and any other new functional 
materials. Especially, the hollow diamond shells are useable in the field of preservation 
of samples e.g. DNA, cells, chemicals, pharmaceutical applications controlled release 
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of drugs, chemicals in creams and lotions, cosmetic controlled release of perfumes, 
dyes, etc and chemical industry paints. 
[46] As the present invention may be embodied in several forms without departing from 

the spirit or essential characteristics thereof, it should also be understood that the 
above-described embodiments are not limited by any of the details of the foregoing de- 
scription, unless otherwise specified, but rather should be construed broadly within its 
spirit and scope as defmed in the appended claims, and therefore all changes and modi- 
fications that fall within the metes and bounds of the claims, or equivalence of such 
metes and bounds are therefore intended to be embraced by the appended claims. 
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Claims 

[1] A method for fabricating a diamond with geometrical shape, comprising: 

preparing a matrix with a geometrical shape; 

synthesizing a diamond film on the matrix by CVD process to form a diamond/ 
matrix composite, said composite being partially uncoated with the diamond film 
to have an opening site; and 

etching the matrix of partially covered composite through the opening site to 

obtain a hollow diamond shell. 
[2] The method of claim 1, wherein the size of the matrix is in the range between 

200 nm and 2 mm in length longest. 
[3] The method of claim 1, further comprising the step of applying vibrations to a 

plate on which the matrix is placed, to let the matrix move and rotate. 
[4] The method of claim 1, wherein the; matrix is pretreated by using diamond 

powders agents in an ultra-sonic bath to incite nucleation of diamond on die 

matrix 

[51 The method of claim 4, wherein an opening on the matrix is formed by attaching 

glue tapes during the pretreatment. 
[6] The method of claim 1, wherein the diamond film formed on the matrix has a 

(100) prevailing surface or nanocrystaline morphology usable. 
[7] A hollow diamond shell with a geometrical figure fabricated by the method of 

claim 1. 

[8] A method for fabricating a diamond with geometrical shape, comprising: 

preparing a matrix with a geometrical shape; 

synthesizing diamond particles on the matrix by CVD process to form a 
diamond/matrix composite; and 
etching the matrix to obtain diamond particles. 
[9] The method of claim 8, wherein the size of the diamond particles is in the range 

between 10 nm and 100 |xm. 



